**Core tip:** Viral hepatitis is a serious disease, which results in a high number of fatalities that increases each year, with the majority of infected people being unaware of their condition. Although many infection control measures have been employed with the expectation of reducing the spread of the virus, eradication or significant disease reduction remains a long way off. The global burden of the disease remains significant. This mini-review presents the current global prevalence status and examines potential elimination strategies.

INTRODUCTION
============

Viral hepatitis results from inflammation of the liver, caused by a viral infection\[[@B1]\]. Although "epidemic jaundice" has existed since ancient civilisation, it is only in the last few decades that viral aetiologies of hepatitis have been identified. Almost all such infections are caused by five viruses, namely hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus (HDV), and hepatitis E virus (HEV). Viral hepatitis is a major public health concern, infecting millions of people annually; some infections subsequently lead to hepatocellular carcinoma (HCC), liver cirrhosis and fatalities among significant proportion of patients. The World Health Organization (WHO) estimated that 1 in 3 people in the world have been infected by either HBV or HCV\[[@B1],[@B2]\] and 1.3 million people have died as a result of this disease in 2015. It has been reported that 2 billion people have been infected with HBV, approximately 185 million of those people are infected with HCV and 20 million people are infected with HEV\[[@B3],[@B4]\]. In high endemic regions more than 90% children get infected by HAV by the age of 10 although few develop complications\[[@B5]\]. About 2.3 billion people of the world are infected with one or more of the hepatitis viruses.

Viral hepatitis results in around 1.4 million deaths each year, HBV and HCV are responsible for about 90% of these fatalities, whilst the remaining 10% of fatalities are caused by other hepatitis viruses\[[@B6],[@B7]\]. Although viral hepatitis is a major public health problem across the globe it has not been prioritised until now. Lately, the"2030 Agenda for Sustainable Development Goals" of WHO has identified specific actions to prevent viral hepatitis\[[@B8],[@B9]\].

Prevention and control strategies for viral hepatitis such as raising awareness through public education, vaccination, blood transfusion safety strategies, early diagnosis and effective medical support can be implemented, and novel interventions are available. In this review, global epidemiology of viral hepatitis and effective control methods are summarised. Data from key recent observational studies, clinical trials, case reports or case series were identified and their data synthesised to summarise the disease burden, geographical distribution and effective control measures of viral hepatitis.

SEARCH STRATEGY
===============

Key databases searched were Medline, EMBASE, CINAHL; websites of international medical associations/public health organisations such as European Association for the study of Liver, American Association for the study of Liver Disease, the Asian Pacific Association for the Study of Liver and Gastroenterology Society of Australia. Databases including Science Citation Index were expanded by using database-specific controlled vocabulary (where available) and general free text terms. Other relevant websites were also explored, including those of the Global Health Library, Centres for Disease Control and Prevention, WHO, United States Food and Drug Administration, European Medicines Agency, and Australian Government Department of Health. In addition other search engines such as Google Scholar, Research Gate and Science Direct were explored using the key search terms. The current status of viral hepatitis, action plans and options for controlling outbreaks have been discussed.

EPIDEMIOLOGY OF VIRAL HEPATITIS
===============================

Hepatitis A
-----------

Millions of people became infected with HAV by ingesting contaminated food and drinking water. The infection rate is strongly related to access to safe drinking water and socio-economic indicator. Generally, all high-income global regions have very low levels of HAV endemicity (\< 50% of population), while low-income regions have high levels of endemicity (\> 90% of population). Middle-income regions of society both have intermediate and low levels of endemicities\[[@B9],[@B10]\]. Globally, only 1.5 million clinical cases of HAV are reported annually while the rate of infection is much higher\[[@B11]\]. In highly endemic countries nearly all children get infected at an early age, with mostly asymptomatic exposure, but acquire lifelong immunity. Paradoxically, in low endemic countries most children and adults remain susceptible to symptomatic infection and disease burden is high\[[@B11]\]. Global distribution is depicted in Figure [1](#F1){ref-type="fig"}\[[@B12]\].
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Hepatitis B
-----------

Hepatitis B is globally one of the most common and severe infectious diseases that leads to significant morbidity and mortality\[[@B13]\]. Approximately one-third of the World's population have been infected with HBV. Around 5% of this population are chronic carriers and a quarter of these carriers develop serious liver diseases such as chronic hepatitis, cirrhosis and hepatic carcinoma\[[@B14]\]. Every year, 780000 HBV-related deaths are documented around the globe\[[@B14]\]. Figure [2](#F2){ref-type="fig"} shows global distribution of HBV\[[@B15]\]. The risk of developing chronic infection and subsequent complications is inversely related to the age of infection. There is about 90% risk of developing chronic infection and subsequent complications if the infection occurs prenatally. In sub-Saharan Africa and East Asian countries HBV usually is predominantly transmitted *via* perinatal or horizontal route. However, in developed countries most infections occur to young adults through injecting drug use or high-risk sexual behavior\[[@B15]\].
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Hepatitis C
-----------

It is estimated that 71 million people globally have chronic hepatitis C infection\[[@B16]\], who are at risk of developing liver cirrhosis and liver cancer\[[@B17]\]. This accounts for 399000 deaths every year. Among various genotypes of HCV, genotype 1 is the most prevalent which accounts for 46% of all HCV infections, followed by genotype 3, which is 22% prevalent. Genotype 2 and 4 each has 13% prevalence\[[@B18]\]. Figure [3](#F3){ref-type="fig"} illustrates global prevalence and genotype distribution\[[@B19]\]. As death occurs decades after being infected, people dying of liver conditions are often not linked to underlying viruses. The death certificates of people with HCV infections are increasing in the United States. Despite this, one study estimated, that the number of patients documented in the United States to have HCV infection in 2010 only represented one-fifth of the patients dying from HCV related illness that year\[[@B20]\].
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Hepatitis D
-----------

HDV is commonly seen in the people who are exposed to infected blood products or infected needles of previously infected HBV\[[@B21]\]. Globally, 5% of hepatitis B surface antigen positive people are co-infected with HDV\[[@B22]\]. Approximately 18 million people are infected with HDV globally\[[@B23]\]. HDV infection is likely to be declining worldwide as result of successful HBV immunisation, and improvement in socioeconomic status but data to show this from most parts of the globe is lacking as demonstrated in Figure [4](#F4){ref-type="fig"}\[[@B22]\].
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Hepatitis E
-----------

HEV causes food and waterborne diseases with outbreaks seen worldwide. These outbreaks are mostly seen in countries with limited access to clean water, sanitation and poor hygiene\[[@B24]\]. It is estimated that approximately 20 million people are infected with HEV annually worldwide\[[@B25]\] and 44000 of these infections result in deaths. Figure [5](#F5){ref-type="fig"} shows worldwide HEV distribution\[[@B25]\]. Although HEV has similar route of transmission to HAV and does not lead to chronicity acute infection with HEV carries 3.3% mortality risk, which is significant\[[@B24]\].
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GEOGRAPHIC DISTRIBUTION OF VIRAL HEPATITIS
==========================================

African continent
-----------------

In highly endemic areas that include parts of Africa and Asia, a large proportion of individuals in the population are immune to HAV, and epidemics of hepatitis A are uncommon\[[@B26]\]. Some of the highest prevalence of HAV is observed in sub-Saharan countries where nearly all of the population develops HAV immunity. Disease burden for HBV is also high among the sub-Saharan population. About 6.1% of the African population have HBV infection and around 18 million people have chronic HCV infection\[[@B27],[@B28]\]. One of the biggest concern associated with the high prevalence of HAV is that people in the infected regions have little awareness of the disease and are not adequately educated about treatment and preventative measures\[[@B28]\].

Americas
--------

The prevalence of hepatitis A is high in the Americas, with exception of high-income North American countries. However, there has been slight reduction in Central American regions in recent years. In intermediate endemic regions such as, Central and South America, childhood transmission is not very frequent. Adolescents and adults are susceptible to symptomatic infection, and outbreaks are common\[[@B26]\]. Almost 50% of people infected with HAV have developed immunity against this virus by the age 15\[[@B29]\]. About 7-9 million people of Caribbean countries and Latin America are anti-HCV positive, and an estimated 0.7% of the population are infected with hepatitis B. The Americas have the lowest prevalence rate of HBV with the exception of Haiti\[[@B29]\]. Due to people immigrating into the United States a large number of new cases of HBV have been imported into the country in recent decades\[[@B30],[@B31]\].

Although data on HDV are lacking in most parts of the world it has been well reported in North America. Few data are available for the epidemiology of HEV. Studies from Brazil have shown that 3% of the population are infected with HEV and another study from Bolivia has found that 1.7% to 16.2% of their population are HEV positive\[[@B32],[@B33]\].

Eastern Mediterranean region
----------------------------

The incidence of HAV has decreased in North African and Middle Eastern countries in the last decades and now have intermediate prevalence (Figure [1](#F1){ref-type="fig"})\[[@B12]\]. It has been reported that around 3.3% of people from this region are infected with HBV and about 800000 people are HCV positive. Interestingly, among the Egyptian population up to 14.5 million are HCV positive and 7.8 million have developed chronic HCV\[[@B34],[@B35]\]. Eastern Mediterranean regions have low-intermediate endemicity with the exception of Somalia, Djibouti and Sudan which demonstrate a higher prevalence. The percentage of the population infected with HBV in the following countries are: Pakistan 4.5%\[[@B36]\], Yemen 12.7%-18.5%, Sudan 5%-8.2%\[[@B37],[@B38]\], and Somalia 5.6%-21.3%\[[@B35]\]; HEV has been seen commonly reported in Sudan, South Sudan, Pakistan and Somalia\[[@B39]\] (Figure [5](#F5){ref-type="fig"}\[[@B25]\]).

European continent
------------------

The prevalence of HAV increases from west to east; childhood transmission is less frequent in Eastern Europe while adult transmission is more common\[[@B40]\]. Western Europe continues to enjoy very low prevalence of HAV but community wide outbreaks are frequently reported\[[@B26]\]. In 1996, the recorded prevalence of HAV was 15.1 per 100000 people, with this number decreasing to 3.9 in 2006\[[@B40]\]. Despite a declining incidence of HAV in Central and Eastern Europe it was considered a serious public health issue due to outbreaks occurring in Czech Republic, Slovakia and Latvia in 2008\[[@B41]\]. Although prevalence of HBV is low in the European continent, it rises eastward\[[@B42]\]. In Europe, approximately 1.4 million people have chronic HBV, while 9 million people have chronic HCV \[[@B40]\]. The number of deaths due to HBV and HCV infections are 36000 and 86000 per year respectively\[[@B43],[@B44]\].

South-East Asia
---------------

In most parts of South East Asia HAV seroprevalence continues to be very high, but recent reports suggest that in some parts such as India infection rates are declining. In eastern regions HAV now has low endemicity. Five million people die from chronic viral hepatitis each year in the South-East region\[[@B44],[@B45]\]. About 100 million people have a chronic HBV infection. The prevalence of chronic viral hepatitis in this region is 30 times more than that of human immunodeficiency virus (HIV)\[[@B46]\]. Unfortunately, about 65% of HBV infected patients and 75% of HCV infected people are unaware of the infection\[[@B47],[@B48]\]. About 10 million people in this region carry hepatitis C\[[@B49]\]. It is estimated that 12 million cases of HEV infections are seen every year in this region\[[@B50]-[@B52]\]. This number accounts for more than half of the global cases. In this region, every year an estimated 6.5 million symptomatic cases of hepatitis E have been reported as well as 400000 cases of hepatitis A\[[@B53]-[@B56]\]. The true incidence is likely to be much higher.

Western Pacific region
----------------------

This region of the world represents 28% of world's population. In this part of the world more people die because of viral hepatitis than HIV, malaria and tuberculosis together\[[@B43]\]. Prevalence of HAV is low in high-income regions such as Australia and the Asia-pacific. The East Asian population is also seeing a decline in the incidence of HAV\[[@B57]\] as socio-economic condition in this region continues to improve. Overall, 350 million people live with HBV infection in this region, which is the half of world's HBV cases\[[@B58],[@B59]\]. This is also the region, which represents 60% of liver cancer worldwide\[[@B60]\]. The prevalence of HCV in East Asia is 1%-2% while some countries of this region such as Taiwan and Vietnam have a prevalence of 4.4% and 2.9%, respectively\[[@B61],[@B62]\]. Of the 150 million people chronically infected with hepatitis C globally, more than 60 million live in Western Pacific region\[[@B62]\]. An estimated 3% of the deaths in this region are attributed to acute hepatitis B and E related complications\[[@B62]\].

ACTION PLANS FOR CONTROLLING VIRAL HEPATITIS
============================================

An effective approach to the prevention of viral hepatitis requires multiple strategies as outlined below.

Education
---------

Education programs directed towards disease awareness lowers disease transmission\[[@B54],[@B62]\]. Large portion of chronic hepatitis sufferers in developing countries are not aware of their condition. Awareness campaigns to educate entire community and implementation of local health measures are important\[[@B50]\]. These include training local communities on how to perform safe blood transfusion, and establishing efficient screening protocols for transfusion of donated bloods. Health education should include, administration of safe injections both in healthcare settings as well amongst as intravenous drug users and implementation of safer sex practices. Furthermore, there should be occupational safety trainings for health workers\[[@B63]-[@B65]\]. It is also important to effectively communicate and emphasise the importance of testing for the virus follow up visits and monitoring treatment to help eliminate viral hepatitis\[[@B66],[@B67]\].

Improvement of socio-economic condition
---------------------------------------

Improvement in socioeconomic status has shown to reduce the prevalence of all types of viral hepatitis. Government bodies should ensure universal access to clean water and encourage hygienic food handling and safety practices, and should implement improved sanitation systems\[[@B65],[@B68]\]. The practice of safe disposal of medical waste should be ensured in health sectors.

Screening and early detection
-----------------------------

Screening, early detection and initiation of treatment will prevent further transmission of the virus and reduce morbidities and mortalities among infected individuals\[[@B68],[@B69]\]. The first step should be to give the correct medical advice and initiate antiviral medication, if available. Unfortunately, implementing these steps is often challenging in developing countries where access to health care is limited and treatment is often unaffordable\[[@B70],[@B71]\].

Vaccination
-----------

Vaccination campaigns for HAV and HBV infections are central to WHO's drive to eradicate hepatitis globally\[[@B71]-[@B73]\]. To ensure the maximum implementation of its vision, WHO has provided technical guidance and support to reduce disease transmission such as ensuring safer blood transfusion, disposable needles, *etc*. Hepatitis A vaccine should be available to susceptible individuals in low and intermediate endemic areas\[[@B71]\].

Although hepatitis B vaccine is effective in the prevention of disease only 27% of newborns worldwide receive a birth dose of hepatitis B vaccine\[[@B71]\]. Birth dose vaccination of HBV is critical to prevent mother to child transmission as late vaccination is not fully effective in breaking mother-to-child transmission chain. Coordination between vaccination and maternal health services should be established effectively\[[@B60]\]. Currently, a number of treatment options are available for HBV that will improve long-term survival. However, treatment is not accessible in many countries due to high cost\[[@B72]\].

More than 350000 people die from HCV infection every year\[[@B73],[@B74]\]. Currently, there is no vaccine to protect individuals from HCV due to the peculiarity of the virus. HCV is an RNA virus and mutates rapidly making vaccine development difficult\[[@B75]\]. However, traditional curative treatment is available based on genotyping of the virus, and safe blood transfusion strategies similar to that of HBV can be undertaken to prevent spread. The traditional genotype-based therapies with interferon, has been shown to be moderately successful in the sustained elimination of the viral genome\[[@B76]\].

However, the introduction of pan-genotypic treatments for all genotypes of hepatitis C has been a major breakthrough in scientific research. Recent clinical trials of the once-daily combination therapy of sofosbuvir and velpatasvir have shown sustained virologic response rates of about 95%, irrespective of prior treatment or presence of liver cirrhosis across all genotypes\[[@B68]\]. The pan-genotypic success achieved with this combination of sofosbuvir/velpatasvir represents a safe and curative therapy for HCV, but high cost is the major limitation of this therapy. Once the therapy is widely accessible to all infected patients, this will eventually decrease the burden of disease, economic burden on health care, with a subsequent decline in morbidity and mortality\[[@B69]\].

HDV requires HBV for replication and can only infect simultaneously with HBV or as superinfection with HBV\[[@B21]\]. Currently, no specific recommended treatment for HDV is recommended\[[@B23]\]. Management and preventative strategies for HDV are instead directed towards HBV. There is one vaccine under development against HEV in China, which is yet to implemented routinely\[[@B76]\].

Implementing WHO global model
-----------------------------

The viral hepatitis outbreaks can be controlled with comprehensive global action plans and collaborations. A number of models have been used for viral hepatitis management. WHO has a vision and its goal is to eliminate viral hepatitis worldwide as a major public health problem\[[@B69]-[@B74]\]. In this global strategy, five core interventions have been proposed and the targeted areas are vaccination plans for hepatitis B, A and E, prevention of vertical transmission of hepatitis B, injection and blood products safety, harm reduction and treatment\[[@B77]-[@B79]\].

Multi-sectoral coordination
---------------------------

Elimination of viral hepatitis requires strong national and international commitments. Comprehensive action plans for prevention, screening, diagnosis and treatment of viral hepatitis should be implemented through collaborations between government, health service providers and society\[[@B78],[@B79]\].

Nurse-led approach
------------------

This model for hepatitis C management was established in prison and provided advice on harm minimisation, diagnosis and treatment. HCV infected persons often face obstacles to access treatment such as not being aware of availability of modern therapies, high cost, fear and distrust of healthcare professionals. Some studies suggested that nurse-led models provided a good opportunity for instituting intervention against transmission and spread of HCV but it was minimally successful in reducing HCV transmission among prisoners\[[@B79]-[@B81]\]. However, it has also been shown that professional care and specialist-managed treatment models for chronic HCV do result in improved treatment uptake and low disease burden\[[@B49],[@B82]\].

Peer navigation model
---------------------

People who recover successfully from the infection can work closely with multidisciplinary clinical care team to offer extensive viral hepatitis support, care and access to treatment specifically for those who have barriers to clinical care\[[@B70]\]. Major obstacles that hinder care among HCV infected intravenous drug users should be overcome by strategies such as on-site treatment, addiction management plan, multidisciplinary teams work, intensive model of care, directly peer observed treatment and group treatment\[[@B79]-[@B81]\]. It has been shown that combination of clinical and behavioral interventions can result in reduction of HCV among substance users\[[@B80]-[@B82]\].

The prevalence of HCV infection among intravenous recreational drug users remains high worldwide. Despite the availability of well-tolerated successful treatment, morbidity and mortality due to liver disease among people with HCV infection is still increasing. The Kirby Institute, The University of New South Wales Sydney and the International Network on Hepatitis in Substance Users have organised an expert roundtable panel to evaluate current issues and implemented future research priorities for the prevention and management of HCV among people who inject drugs. International experts in drug and alcohol, infectious diseases, and hepatology have come together on one platform to identify the current scientific evidence, issues in research, and develop research priorities\[[@B79]\].

Outreach treatment
------------------

Providing outreach services is important in viral hepatitis management. One example includes mobile health clinics which are an innovative and flexible way to provide healthcare for chronic viral hepatitis patients. They have been proven effective in giving the health screenings, initiating chronic disease management and providing immediate intervention when required. The mobile van clinic has been a novel approach for controlling viral hepatitis\[[@B75]\].

HCV is prevalent among the injecting drug users especially those in prison, the aboriginal population and people coming from culturally and linguistically diverse background. These are the people who are disconnected from traditional health providers and have poor retention in care systems. To engage these people in the health care system and to provide the appropriate treatment requires innovative action plans\[[@B75],[@B49]\].

The above-mentioned mobile outreach vans will bring the treatment services to these people and will also make it easier for them to access the health services particularly for those who have comorbid psychiatric and substance use disorders. It will create a link between clinical and community-based settings and will remove geographic, socioeconomic and structural obstacles. Successful treatment of HCV infections will decrease the risk of chronicity of the disease and liver cancer, improve the quality of life and will also increase the survival rates\[[@B77],[@B78]\]. The mobile outreach system will also help in reducing the transmission of disease by providing the early treatment, improved viral clearance and reduced risk behaviors\[[@B75]\].

Post-exposure prophylaxis
-------------------------

Many cases of viral hepatitis occur among health workers due to accidental needle injuries. Preventing work-related accidents in health organisations should be urgently reviewed. Prompt IgG treatment option should be in place as soon as exposure to virus is confirmed. This treatment may stop the infection from developing. Patients exposed to viruses should undergo similar treatment. This prompt strategy could serve as an efficient therapeutic modality and prevent development of infection and minimise outbreaks.

CONCLUSION
==========

Although there has been some success with preventative strategies globally, still many hurdles need to be overcome if we are to reduce viral transmission significantly. WHO has published its technical report manual for the development and assessment of national viral hepatitis plans in 2017\[[@B49]\]. This guidance could help to control viral hepatitis outbreaks. These actions need to be strengthened and reinforced in order to stop the outbreaks and provide a viral hepatitis-free future for the next generation.

One of the important actions to be adopted to control outbreak is prompt immune serum treatment. WHO can include post-exposure prophylaxis in their global strategy which at first can be implemented in resource-rich settings and gradually adopted in developing and underdeveloped countries. For global success in controlling viral hepatitis, international organisations can establish round tables to exchange ideas for action plans. There is no one single measure strong enough to curb viral hepatitis epidemics but having a global vision and implementing multiple strategies will go some way towards reducing global disease burden.
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